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(54) Flame retardant polyamlde compound 

(57) The present invention relates to a flame retard- 
ant polyamide compound comprising a polyamide poly- 
mer having a weight-average molecular weight of at 
least 10.000 g/mol, a polyamide oligomer having a 
weight-average molecular weight of at most 7500 and 



a halogen-free phosphorous containing flame retardant. 
The invention also relates to a process for preparing 
said flame retardant polyamide compound and to the 
use of said compound. 
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Description 



S a w4^:Jv~ -pound «..pnsln, a po,a.l.e po,y.e. 

°"g°n^er having a weight^verage molecular w^L^^^^^^^^ "^"^ "-^'^^^^"t « Po'Vamide 

polyamide compound. ecuiar weight of at most 7500. and to a process forpreparing said flame retardant 

[0002] Such a compound is l<nown from JP-5214246-A {Tnra» iqqo\ id . . 

pound wherein the polyamide oiigomerhasam^ecularwll^^^^^^ JP-5214246-A describes a polyamide com- 

with 5-30 cartx,n atoms as terminais Q^o7,iZor^nl7r^? 
0 more of the temiinais of the ^^mS 2^r ^T^J the hydrocarbon radicals are attached to at least 40% or 

particuiar melamine cyanuric S^n' tZcTs"' a^rST^iVlS^^^^^^^ '^7 ''""^ 

said hydrocarbon radicals and the triazine flam*. r«t^l„, JP 5214246-A, the polyamide oligomer modified with 

polyamide-6 and polyamide^i e fn rroSn^of 0 ^^^^^^ nLrtT'"''^.T " P^'^™^' ™^ P^^icuiar 

by weight of the flame retardant reli^vT^TlOO LThC ° ^ S °^ polyamide oligomer and 1 -25 parts 

■> compound is claimed to l^^eg^ f^e rell^^^^ °' the polyamide resin. The thus obtained polyamiS 

10003, in many applications ^equinng a SarS'r^Sl^^^^^^^ ^""^ f^^^' 

free flame retardant relative to polyrmideXmeM.^?«S ' ^" f """""^ ^^^^ ^'9*^* °f ^ '^^toQen- 

A disadvantage of the compounSs Z^in^toT^^^ T""" ^"^"''^"^ ^^'"^ -^-^-^^ '-el. 

to 25 parts by weigh, because whenTaS^mlVnrS'c^tS^^^^^^^^^^ *<> "-«ed 

.me of mousing of the compound obtained by the process. and^S'SitTp™^^^^ J 

Po":.lXrr r^^^^^^ --Oen-free flame retardant 

.crarte--r " — ^^^^^^^ 

Es ~:rr^^^^^^^ is a ha,ogen-free phos- 

good outer appearance rdttenSo^/rcha^^^^^^ '^°^^ve, the 

tardant above 25 parts by weight rrore oaS^r^L^TT t k °' ""'^ ^ °f flame re- 

polyamide polymer, but ev^wSt; T^Zmide lomer LnS^ *° ''^^ ^^^^ ^^'S^* °^ the 

KT^r rr i«)rrb7::igiforh;^^^^^^^ p^^-- ^bove 12 

throbtl^arbTm^eCi^i^^^^^^^^^^^^^^ ^T"^ ? ^° ^ '"^-''^e --Position 

used in a moulding proce^r p^pan^g f^^^^^ 

example, but not limtted thereto a r^eI^L% Jimnil Po'vamide compound may have different forms, for 

strands, chopped granule^ a^^^^^^^^ SreimpTe Z^T^i^V^' ^"^"'"^ '^^^ 
directly shaped into a moulded part) polyam.de composition after being meit-mixed is 

least 20,000 g/mol. S'"""'' P^a^rably at least 15,000 g/mol. more preferably at 

1^^° wUr^f'^^^^^^^ w«h a weight-average molec- 

tween entanglements" of the hZZ^te^l^ZfS^r ^^^^ ^ ^ "molecular weight be- 

5.000 g/mol Tn the case o P^TAZ^e^^til^^^^^^ entanglements" is for example 

most 5.000 g/mol. more piSerabltTm^t 4 S^J a/Zf I ^^^'^ht of the polyamide oligomer is at 
weightof the poiyLmide o'gomeJLjr e to^^^^^^ '"-^ ^ 

perature being lowered. Preferably the weiaht avera^^!^!. *® 9'^^ transition tem- 

[0009] Suitable polyamides. t both^Cyrmfde ^^^^^^ "r^T approximately 1.000 g/mcl. 

known to a person stalled in the art. clp^sing c^^^^^^^ ""'^T""^ ^'"^ Po'Vamides 

processable. compnsing crystalline, sem.-crystallme and amorphous polyamides that are melt- 

yamide. PA-6/12-copolyamide. PA^^^^X^^e etlT^n!^' ■"l^^-^O'-'O- ^^-12,12. PA-6/6.6-copo|. 
polyamide. PA.6.6/6.10-copolyamide. PA^^SS;^^^^^^ PA-6.6/12-copolyamide. PA-6/6.10-co- 

from 1 .4-cyclohexanedicarboxylic acid and 2 VHic^^r? trimtio!' ^-^^^Po'V^^^'de. and copolyamides obtained 
example PA-e.l. PA-e.i/e.e-co'^,amide. -5:^. PA^^^^T-S^^^^^ 
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amide. PA-6.6/6.T/6,l-copoIyamide, PA-6,T/2-MPMDT- copolyamide (2-MPMDT = 2-methylpentamethyIene diamine), 
PA-9,T, copolyamides obtained from terephthallc acid, 2,2,4- and 2,4,4-trimethylhexamethylenediamine, copolyamide 
obtained from isophthallc acid, iaurlnlactam and 3,5-dimethyM,4-diamino-dlcyclohexylmethane, copolyamides ob- 
tained from isophthalic acid, azelaic acid and/or sebacic acid and 4,4-diaminodlcyclohexylmethane, copolyamides 
obtained from caprolactam, Isophthallc acid and/or terephthalic acid and 4,4-dlaminodicyclohexylmethane, copolya- 
mides obtained from caprolactam, isophthalic acid and/or terephthalic acid and isophoronediamine, copolyamides 
obtained from isophthallc acid and/or terephthalic acid and/or other aromatic or aliphatic dicarboxylic acids, optionally 
alkyl-substituted hexamethylenediamine and alkyl-substituted 4,4-dlaminodicyclbhexylamlne, and also copolyamides 
and mixtures of the aforementioned polyamides. 

[OOfi] ' Preferably polyamides are chosen from the group comprising PA-6, PA-6,6, PA-6,10, PA-4,6, PA-11 , PA-12, 
PA-12,12. PA-6,1, PA-6,T, PA-6,T/6,6-copolyamide, PA-6,T/6-copolyamlde, PA-6/6.6-copolyamlde, PA-6,6/6,T/6,l-co- 
polyamide, PA-6,T/2-MPMDT- copolyamide, PA-9,T, PA-4,6/6-copoIyamidefan|(^m^ and copolyamides of the 
aforementioned polyamides. More preferably PA-6,1, PA-6,T, PA-6,6. PA-6;6Mf, PA-6,6/6,T/6,l-copolyamide. PA-6.T/ 
2-MPMDT- copolyamide, PA-9,T or PA-4,6, or a mixture or copolyamide thereof, is chosen as the polyamide. 
[0012] The low molecular weight polyamide oligomer may be chosen to have the same composition as the high 
molecular weight polyamide; the two polyamides, i.e. the oligomer and the polymer, may also be chosen to have 
different compositions, 

[0013] The high molecular weight polyamide polymer in the compound according to the invention may optionally 
contain modified end groups, for example amine end groups modified with a mono-carboxylic acid and/or carboxylic 
acid end groups modified with a mono-functional amine. Modified end-groups in the high molecular weight polyamide 
polymer may advantageously be applied for improved melt-stability of the compound during its preparation by melt- 
mixlng or during a moulding process of said compound. 

[0014] The polyamide oligomer preferably has a melting temperature of at least 260''C, more preferable at least 
270^^0, even more preferable at least 280°C. The advantage of a polyamide oligomer with a higher melting temperature, 

in particular when used in a larger amount, is that the high temperature mechanical properties of the polyamide com- 
pound are better retained or even improved. 

[0015] A polyamide that is eminently suited for the polyamide oligomer in the process according to the invention Is 
polyamid&4,6. Polyamide-4,6 oligomer has a melting temperature of about 290''C. The advantage of polyamlde-4,6 
oligomer is that ft can be produced on industrial scale and that it can be combined with a wide range of high temperature 
engineering polyamides. 

[0016] In the context of this application "PA-4,6" is understood to be a polyamide of which at least 50%, preferably 
at least 75%, more preferably at least 90%, consists of tetramethyleneadipamide units. PA-4,6 can be prepared through 
polycondensation of tetramethylenediamine and adipic acid or an adduct thereof, optionally in the presence of other 
poly amide-forming monomers, for example E-caprolactam, a different diamine, for example hexamethylenediamine or 
a different carboxylic acid, for example isophthalic acid or cyclohexanedicarboxylic acid. 

[0017] The polyamide oligomer in the compound according to the invention may optionally contain modified end 
groups, for example amine end groups modified with a mono-functional carboxylic acid and/or carboxylic acid end 
groups modified with a mono-functional amine. Mono-functional carboxylic acids and/or mono-functional amines may 
advantageously be applied during the preparation of the polyamide oligomer as a chain stopper to control the molecular 
weight of the polyamide oligomer Preferably, the polyamide oligomer comprises at most 50%, more preferably less 
than 40%, even more preferably at most 30% and most preferably at most 25%, modified end groups relative to the 
total number of end groups. The advantage of a polyamide oligomer with a lower percentage of modified end groups 
in the process according to the invention is that the mechanical properties of the resulting compound, when comprising 
a halogen-free flame retardant, are further improved. 

[0018] The compound according to the invention typically comprises 0.5-30 weight % oligomer, relative to the total 
amount of polyamide. A person skilled in the art can choose the amount of oligomer within the given range, depending 
on the desired properties of the compound. Larger amounts of the oligomer can be used and may even result in a 
better performance of the flame retardant. However, too large amounts may adversely affect the mechanical properties. 
Preferably an amount of 1-20 weight % oligomer, relative to the total amount of polyamide. is chosen. 
[0019] More preferably, the amount of polyamide oligomer is at most 15 weight %, even more preferably at most 11 
weight %, relative to the total amount of polyamide, since a lower amount results in better mechanical properties. 
[0020] Also more preferably, the amount of polyamide oligomer is at least 2 weight %, even more preferably at least 
7 weight %, or even better 12 weight %, and most preferably at least 15 weight %, relative to the total amount of 
polyamide, since an higher amount results in a better flow. 

[0021] A higher amount of polyamide oligomer is even more advantageously applied in combination with a higher 
amount of the halogen free phosphorous containing flame retardant. A higher content of flame retardant generally 
reduces the flowabllity of a polyamide compound. The compounds comprising these said two components in the higher 
amounts combine the advantageous properties of good flow and increased flame retardancy with retention of the good 
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mechanical properties and outer appearance 

SinatlTdXThin'^^^^^^^^^^^^ '''' Phosphonates. 

Z^FV^ZrR^Z:.T^^£S!';:r -^7P'«;-r-'-''-(«^iPhenylphosphate) Oligomer, under the trade 

sr^= Hostaflam® OP 910. a mixture of cyCic di- and trip^hZesS cSant G^,i,any 
p'Z^^tTZo^^^ .'"T""t^ '^^^ "^^'^ "^-^ retl'rdannn L inventive 

?"f carbon-fonning substances are. for example, polyphenylene ether and polycarbonate 
Soroe~ ^ '''' ^^^"'"^ "^^^^'-^ --P'e. Jc^S^meS such as poly- 

SnlcaTu^ttTra'ttdtr^^^^^ ^-^^ ™— -mpnsing at .east an 

Prise ethylene as the ethylenSrunsatu-^ m^nS "'-'^-^ 
10039] The compound according to the invention may also contain other additives known to a person skilled in the 
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art that are customarily used in polymer compounds, provided that they do not essentially detract fronn the invention. 
Such other additives include, in particular, fillers, pigments, processing aids, for example mould release agents, agents 
accelerating crystallization, nucleating agents, lubricants, softeners, UV and heat stabilizers and the like. In particular, 
the compound according to the invention contains an Inorganic filler or reinforcing agent. Suitable for use as an inorganic 
filler or reinforcing agent are all the fillers known to a person skilled in the art. Suitable reinforcing agents are, for 
example glass fibres, metal fibres, graphite fibres, aramide fibres, glass beads, aluminium silicates, asbestos, mica, 
clay, calcined clay and talcum. 

[0040] Typically, the polyamide compound according to the invention consists of: 

a) 70-99.9 parts by weight of a polyamide polymer having a weight-average molecular weight of at least 10.000 
g/mol 

b) 0.1-30 parts by weight of a polyamide oligomer having a molecular weight of at most 7500 g/mol, whereby the 
total amount of a) + b) Is 100 parts by weight 

c) 1-100 parts by weight of a halogen-free phosphorous containing flame retardant 

d) 0-100 parts by weight of a reinforcing agent 

e) 0-26 parts by weight of at least one other component. 

[0041] The invention also relates to a process for preparing a flame retardant polyamide compound according to the 
. invention by melt-mixing of a composition comprising a polyamide polymer having a weight average molecular weight 
of at least 10.000 g/mol, a polyamide oligomer with a molecular weight below 7500 g/mol and a halogen-free phos- 
phorous containing flame retardant.. With the process according to the invention a polyamide compound with lower 
total burning times in flame retardancy tests can be prepared than with the corresponding process comprising melt- 
mixing of a polyamide composition not comprising a polyamide oligomer. The compound resulting from the Inventive 
process also shows, as an additional advantage, at least retained mechanical properties, whereas moulded products 
prepared from said inventive compounds exhibit a good outer appearance, even with a polyamide oligomer content 
above 10 parts by weight, and/or with a content of flame retardant above 25 parts by weight, relative to 100 parts by 
weight of the polyamide polymer. 

[0042] Preferred embodiments of the inventive process directly relate to the preferred embodiments of the polyamide 
compounds according to the invention described above. 

[0043] The process according to the Invention can be carried out in a melt-mixing apparatus, for which any melt- 
mixing apparatus known to the man skilled In the art of preparing polymer compounds by melt-mixing can be used.- 
Suitable melt-mixing apparatus are. for example, kneaders, Banburry mixers, single screw extruders and double screw 
extruders. Melt-mixing is typically performed at a processing temperature, which is above the melting temperature of 
the high molecular weight polyamide, thereby forming a polymer melt. 

[0044] In the process according to the invention for preparing a polyamide compound, comprising a polyamide pol- 
ymer, a polyamide oligomer and a halogen-free phosphorous containing flame retardant as constituting components 
amongst possible other constituting components, the constituting components are fed to a melt-mixing apparatus and 
melt-mixed In that apparatus. The constituting components, i.e. polymer and oligomer, may be fed simultaneously as 
a powder mixture or granule mixer, also known-as dry-blend, or may be fed separately. Polyamide polymer and polya- 
mide oligomer may also be fed separately. 

[0045] In a preferred emodiment of the inventive process, the halogen-free phosphorous containing flame retardant 
is a melamine based phosphorous compound. The advantage Is that the melt-mixing may be performed at higher 
temperature and a higher melting polyamide may be used with retention of a good flame retardancy performance. 
[0046] In another preferred embodiment, the polyamide polymer is a high temperature engineering polyamide, de- 
fined by a melting temperature of at least 260°C. More preferable, the melting temperature is at least 270°C, even 
more preferable at least 280°C, and most preferably at least 290°C. The higher the melting temperature of the polya- 
mide polymer, the more pronounced the effect of addition of the polyamide oligomer in the melt-mixing process on 
retention and/or improvement in mechanical properties, and/or flame retardancy and/or surface appearance of the 
compound formed, is. 

[0047] Also preferably, the polyamide oligomer has a melting temperature of at most 20°C above, more preferable 
at most 10°C above to the melting temperature of the polyamide polymer, and even more preferable at most equal to 
the melting temperature of the polyamide polymer. The advantage of a polyamide oligonrier with a melting temperature 
that does not exceed the melting temperature of the polyamide polymer too much or even better with a melting tem- 
perature that does not exceed the melting temperature of the polyamide polymer at all, is that the processing temper- 
ature necessary for the melt-mixing process can be kept as low as or can even be reduced compared to the process 
without polyamide oligomer and fijrther reduces the effects of degradation of the flame retardant. 
[0048] The process according to the invention is in particular advantageously applied for preparing a flame retardant 
polyamide compound comprising a reinforcing agent. Preparation of a flame retardant polyamide compound comprising 
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Of me %™ „„ ^ J^JS^,"^""""' •*«a*«y '^.-eo nogMve 

in flame relartanl ?™per.les, can pCiicT '"^ """""'snilicani deaine 

Sng'T^oTr^^'IrSjnSl^T.fp!^^ ■"^"f «con.n, «> ,„v,*„ for 

;rrar^==r=Er£~~^^^ 

iSngTo^n;^;^^^^^^^^^ ^° ^ ""^'^^^ ''^^ ^'^^'^^ me«-processing of a po.yam.de compound 

example, connectors and switches electronic use. Examples of. such parts include, for 

[0053] The invention will now be elucidated with reference to the following examples, but is not limited thereto 




PO-A 
MPP-200 

PMP-100 

Glass fibres 



rSSTlT'T^'^ "^^^^ ^^'^ ■''^ Netherlands): Polyamide-4.6 polymer Mw = " 

36000. Viscosity number (formic acid) = 160; = 295''C. H«>y"ior, mw 

Polyamide oligomer: (ex DSM . The NetheriandJ: = 2.000 T = 288°C 

^^'^ "^^ Netherlands): nitrogen content 42-44 weiqht 
%, phosphor content 12-14 weight %. j ^ iici u *fz-^ weignt 

StTJT P°'yPh°sphate; (Nissan Chemical Industries Ltd); phosphor content 14.5 weight % 
Standard glass fibres for polyamide compounds; average fiber diameter 1 0 ^m. 



Determin ation of the physical pro perties 
[0054] 

yiscosity number: detemiined in formic acid, according to ISO 307 
Tensile strength : determined at 23°C and 5 mm/min, according to ISO 527 
M ?f !!? ^«*^""'"ed at 23<>C and 5 mm/min, according to ISO 527 

Notched Izod: determined at 23°C according to ISO I8O/1A 
Molecular weiqht: determined with the aid of standard GPc" techniques 
Melting point: determined with the aid of DSC (2nd run 10°C/min ) 

Flame retardancy: determined according Undenwritere 'laboratories test method UL 94 . .«inn n « ^ . * u 

Tu^de^s^Jf -*23°C. 50O/O re,a«ve humidity, respectivt^t l efhts at^OX ' '''' 
Bulk density: detemiined according ASTM D 1895-96 Test Method A. 

Preparati on of polvamide compounds 
Example I and Comparative Experiment A 

[0055] Polyamide compounds according Example I, comprising a combination of PP^ and PO-A «nH r o 

S7or;irnTrT;^Tr;:sr^r.dbr 

derer ZSK-40 twin screw extruder usin^?MOoS^^^^^ constituent components on a Werner & Pflei- 

fibers were added rrsTffe^ rougSL^^^^^^ ""^^ ^ ^°PP«^. 9'ass 

degassed at the end of the extruderTe melt wafexlmdl ^ 7^"!! '^^^f 'P'"" '^''^ 

rnncci -ru ■ '"^ Strands, coo^ed and choooed into nrani iioc 

[0056] The granules were injection moulded into test bare accorriinn to <!r^ rot« a ''"°PP®° granules. 

94 test bars of 0.8 mm thick. The test bars v^re Sed to m7asSe t^^^^ specimens and UL 

properties of the compounds, the results of wJSThavf been r^rt^^^^^^ Ja^,"*^^'^""' P™^^^'^^ ^ 
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Table II. 



Composition and test results of Example 1 and Comparative Experiment A 




wUI 1 Ijpal OUVO CA|Jd III 191 11 r\ 


CACIIIi|J10 1 


Components(wetght %): 






PP-A 


40 


34 • 


PO-A 


— — 


6 


MPP-200 


30 


30 


Glass fibre 


30 


30 


Througiiput in kg/h 


60 


60 


Strand formation 


vciy UaU 




Notched Izod (kJ/m^) 


ft R 




Tensile strength (MPa) 


101 


110 


Elongation at break (%) 


0.8 


1.0 


UL 94 V flammability properties: 






0.8mm, TCPaieeh 






VO- Classification: 


100% 


100% 


Total burning time 


23 


21 


O.Bmm, 23^a50%RH/48h 






VO-Classification 


100% 


100% 


Total buming time 


19 


10 



Example 11 and Comparative Experiment B. 

[0057] Example II and Comparative Experiment B represent compounds similar to Example I and Comparative Ex- 
periment A. except that PMP-100 was used as the flame retardant. The detailed processing conditions, applied for the 
preparation of the compounds are the same as described for example I and comparative experiment A. Test results 
obtained from injection-molded parts prepared from respective granulates have been collected in Table II. 



Table II. 



Composition and test results of example II and Comparative Experiment B 




Comparative Experiment B 


Example 11 


Components (weipht %): 






PP-A 


40 


34 


PO-A 




6 


PMP-100 


30 


30 


Glass fibre 


30 


30 


Throughput (kg/h) 


60 


60 


Strand formation 


o.k. 


O.k. 


Tensile strength (MPa) 


109 


134 


Elongation at break (%) 


1.0 


1.3 


UL 94 V flammability properties: 






0.8mm, 7(Pai68h 






VO- classification: 


80% 


100% 


Total burning time (sec) 


47 


34 


0.8mm, 23^a50%RH/48h 






VO-classification 


0% 


60% 


Total buming time (sec) 


90 


45 1 
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Claims 



S aTfe JrSXS polymer having a weight-average mo.ecuiar weigh, 

lecular weightra, StsSoX^^^ ' P^'f'"'^^ ^^^"9 « weight-average r^o- 

rous containing flarlTe SteSam ' halogen-free flame retardant is a halogen-free phospho- 

leSo-a *° ^''^ ' • '^.^^'"'^^ - P^'y-'c^e With a .e.«ng temperature of at 
rSrthe^SgrC^^^^^ 

" m:raS:Srsr^^^^ — retar^ant is a 



in an amount 



^' be3n? ^T^^^ phosphorous containing flame retardant Is present 

between 1 and 100 parts by weight, relative to a total amount of polyamide of 100 ^S by^^^^^^^^^ 

tairSed^^^^^ 



7. Process according to claim 6. wherein the polyamide polymer is a polyamlde vWth a melting temperature of at least 

" ^^^^^^^^^^^ oligon^r has a me«ing temperature of at most 

9. Process according to any of claims 1-5. wherein the polyamide compound comprises a reinforcing component. 

10. Use of a polyamide compound according to any of claims 1-6 for the preparation of a molded part. 

11. '^o'dedpartobtainableby melt-processing of a polyamide compound according to any of claims 1-6. 
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fo^'thf fonring-JarlmsJ^rs'- ' '''''''''' '^''"'^ '"^^-'•-"ca 

lealt^lS^Sg/TO?^^'" '"''"^^ ^ "^'^^^ ^"^''^^ molecular weight of at 
msi IsSo^l/iSf ''"'^"^^ ' "^^9^* ^^^""^a^ molecular weight of at 
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